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Introduction

The experiment t$ one of the scientist's ways of discovering new knowledge
about the relationships of events in nature. Through experimenting, scientists

can check on their speculations, their hunches, their guesses and their guiding
ideas about what causes things to happen ihe way they do.

The How artti Why Wonder Book of Science Experiments provides sug-
gested investigations in three very important areas of exploration— air and
water, sound, and astronomy. By making these investigations, each young
explorer will be rediscovering some of the principles of science. But in some
of the activities, new knowledge will t>e discovered. For example, counting
the meteors that appear at a certain time in a part of the sky will supply new
facts facts not known to anyone else. This is a real discovery. If reported
properly, the facts may help astronomers refine the present knowledge about
meteors.

This book shows that the study of different things in the world may require
different techniques and tools— vibrating strings to study sound waves,
scales and thermometers to study the air and water, telescopes and field

glasses to study the stars. But they all require some of the same habits of care-
ful investigation, such as keen observation, good thinking, accurate record
keeping and painstaking experimentation.

Thus, The How and Why Wonder Book of Science Experiments will be a
helpful guide to assist young scientists at home and at school to explore inter-

esting phases of knowledge. It will help them to develop skills of investigation
through using the methods of discovery that experienced scientists use,

Paul E. Blackwood
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Air and Water

Air and water are two materials with

which everyone is familiar. We live at

the bottom of an ocean of air, called the

atmosphere. Air surrounds our bodies

every minute of our lives, except when
we are swimming or bathing. Air may
be found in almost every open hollow' in

all materials on the surface of the earth.

There is air also in many of the hollows

and openings of the human body— for

example, our ears, mouth, nose, and

lungs. All animals breath air, and if

deprived of it, they die.

The waters of seas, lakes, rivers, and

streams cover three-quarters of the

earth’s surface. Water is necessary' for

life. The cells of which all living things

are made are largely water. Water,

given enough time, will dissolve almost

any substance. This is important, be-
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ONE- CEILED PROTOZOA

The two major gages,

nitrogen and oxygen,

continually leave and

than return to the at-

niosphere In endless

processes, or cycle?. Ni-

trogen from the air that

penetrate? the upper

\ ayera of th a soil 1 b

changed by ce rtain

bacteria to chemical

compounds that cert be used as nourishment by plant?.

cause the materials that nourish living

things are dissolved in water. This water

makes up the main part of the blood of

animals and the sap of plants, the two

fluids that carry nourishing materials to

the cells of living things.

We shall perform experiments con-

cerning both air and water, because, as

we shall see, these two materials are

closely connected in many ways.

The plants may be eaten by animal e that axe rote

com pounds of nitrogen, which are decomposed by

other bacteria, releasing nitrogen to the air. Dead

plant? and animals, too, are decomposed by bacteria

In a process that eventually releases nitrogen to the

afr. The released nitrogen now may re-enter the soil

— as the nitrogen cycle continues, over and over again.

Oxygen Is breathed by animals that exhale carbon

dioxide. Plants absorb carbon dioxide from the air and

give off oxygen that F& again breathed by animals — a?

the oxygen cycle continues endlessly. Water falls

from clouds as min or snow. The fallen water forms

streams and rivers that run into lakes and oceans. Tha

heat of the son evaporates water from those natural

bodies of water, The evaporated water rises into the

air as water vapour that cools to form clouds that produce

more rain.

5



The bubbles are qIf Ifiat

was held m Hie spaces

between she particles of

earth and freed when

She earth was sob-

merged in water.

How can you

show that

some materi-

als hold air?

Gently drop a clod of earth into a pot

or glass full of water.

Note the bubbles that

arise. These bubbles

are air that was held

in the spaces between

the particles of earth. The fact that air

can penetrate into the soil is very impor-

tant to the growth of plants. Probably

the most needed substance for plant

nourishment is the chemical element ni-

trogen. Four-fifths of air is nitrogen. Yet

plants cannot obtain nitrogen directly

from the air. However, certain bacteria

that live in the soil can remove nitrogen

from the air and change the nitrogen to

Th* bubble* on the

inside of the gb$$ of

wafer in the sun are

air bubbles.

If you boil the water,

more air boils cut.

a form that can be used by plants. Thus,

you can see why it is important that air

penetrates soil.

Into some clean water put a piece of

brick and a smooth, well-washed pebble.

Note that air bubbles arise from the

piece of brick, but not from the pebble.

There are many air spaces in brick, but

none in solid stone. This shows that not

all substances are penetrated by air.

Air is trapped only

in the brick, not

the pebble.

Place a dean glass of water in the

sun. Look at it about an hour later. Do
you see the bubbles on the inside of the

glass? They are air bubbles. Pour the

water from the glass into a pot, set

the pot on a stove, and boil the water.

Now, many more bubbles arise from the

water, showing that more air was in

the water. You cannot boil all the air

out of the water, because more is enter-

ing the water as you boil some out.

If we have a box in which we cannot see

anything, we say
How yoo prove

(hat ,he ^ js
that air is really . .

o kind of matter?
Aft® we

have drunk all

the water in a glass, we say that there

6



The air that occupies the

space in the gfass prevents

the water from pushing yp

oil the way m the gloss.

is nothing in the glass. Yet, it is not true

that there is nothing in the box and

glass— both are full of air. Although

we cannot see air, we must not believe

that air is nothing at all. Air is matter.

Like all matter, it takes up space and

has weight.

Lower a drinking glass, mouth dow n-

ward, into a large jar or pot three-

quarters full of water. Note that the

water pushes only a little way up into

the glass. What keeps the water from

rising all the way up into the glass?

Something must be taking up the space

inside the glass and thereby keeping the

water out. It is air that occupies the

space in the glass.

Obtain two balloons of the same size.

Blow them up to the same size, and tie

their necks so that the air will not es-

cape. After tying each balloon, leave

about a foot-and-a-half of string free,

and tie a loop at the end of each string.

Tie a string around the middle of a

yardstick, and suspend it so that it

swings freely. Slip the loops at the ends

of the strings that are attached to the

balloons over the ends of the yardstick,

and adjust the balloons so that they bal-

ance the yardstick. When the yardstick

has stopped swinging, burst one of the

balloons with a pin. The other balloon

will swing downward. Since both the

full balloon and the burst balloon weigh

the same, there must be something on

the side of the full balloon that pulls the

yardstick down on that side. This some-

thing is the air in the balloon. This

proves that air has weight.

You can actually demonstrate that air has weight.

7
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Atmospheric pressure holds water Sin the straw.

What is

atmospheric

pressure?

The atmosphere extends 600 miles

above the earth’s sur-

face. One-quarter of

the atmosphere is

within one-and-a-half

miles of the surface, half within three-

and-a-half miles, and ninety-nine one-

hundredths within twenty miles. The

total weight ofthe earth’s atmosphere is

one thousand billion tons. A column of

the atmosphere one inch square and 600

miles high weighs nearly fifteen pounds.

8

This means that the atmosphere presses

on every inch of the earth’s surface with

a weight of nearly fifteen pounds. It is

this weight that we mean when we speak

of atmospheric pressure.

Atmosphere exerts its pressure not

only straight downward, but equally in

all directions. The pressure of the air on

the body of a human being is several

tons. Why doesn’t this great pressure

crush us? It is because the air that enters

the body through the mouth and nose,

and the air that is in the water of all our

cells, is pushing outward with as much

pressure as is pushing inward, Because

of this balance of pressure, we feel no

pressure at all.



How can we
demonstrate

atmospheric

pressure?

Fill a drinking straw with water, and

place your finger tightly

over one end. Turn the

straw so that the open

end points downward.

Some water will run

out, but most will remain in the straw.

^ hat keeps most of the water from run-

r.:ng out? It is the atmospheric pressure

that is pressing upward at almost fifteen

pounds per square inch.

Run enough water into a sink or large

jar so that you can place a glass on its

side completely under water. Keeping

the glass under water, turn it around so

that its mouth points downward. Raise

the glass, until all but about half an inch

of it is out of the water. The glass re-

mains full of water, even though it is

upside down. What keeps the water in

the glass? Atmospheric pressure on the

surface of the water in the sink or jar

pushes water up into the glass. The
weight of the air on the surface of the

water in the sink or jar is greater than

the weight of the water in the glass.

Thus the water is held inside the glass

at a level higher than the surface of

water outside the glass.

The experiments you just performed

are somewhat like one performed by the

Italian physicist E. Torricelli (1608-

1647). He filled a long glass tube with

water. The tube was nearly forty feel

long and had a tap at one end; the

other end was closed. Torricelli stood

the glass tube upright in a tub of water,

the tap end down. He then opened

the tap. Some of the water ran

out the bottom of the tube. The length

of the column of water that was left was
thirty-four feet. Torricelli knew, then,

the pressure of air on the water in the

tub was enough to support a column of

water thirty-four feet high. He weighed

the water in the tube and from this

weight he was able to calculate that, in

order to hold up a column of water

thirty-four feet high, the atmosphere

had to press downward with a weight of

nearly fifteen pounds per square inch.

In this way, Torricelli was the first to

discover exactly what atmospheric pres-

sure is. Torricelli performed his experi-

ment at sea level. If he had performed

it on top of Mount Everest, which is

approximately six miles high, there

would have been Jess air above the tub

TomteNi f at the beginning of the seventeenth century,

discovered the nature of atmospheric pressure.
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Chang** of air pressure are measured by a barom-

eter. A mercurial barometer consists of a column of

I

mercury in a glass tube about 35 inches high, As Ih*

pressure of the atmosphere changes, the column of

mercury rises and foils. An aneroid barometer con-

sists of o tighfly-seoled con from which some air has

been removed. A pointer is soldered to a pivot at the

top of the can, As the pressure of air changes^ the

top of the con moves in or out, thus moving the pointer

over a scale on which changes in pressure may be

read.

ftAROMETEft

\ 6

|

You can make a mercurial barometer in your school

laboratory, Obtain a gFass tube about 35 inches

long. Place one end of the lube into a not flam* such

as that of a Bunsen burner. Twirl the tube around until

the end melis and is sealed, When He tube Has

cooled, fill it to she top wilh mercury. Also, fill a dessert

dish or beaker with mercury. Hold your finger over the

open end of the tube and carefully invert it, placing

the open end beneath the surface of the mercury in

the dish. Place o yardstick alongside the glass tube

and damp both upright. Changes in pressure may be

read on the yardstick as the height of the mercury

in the tube changes.

to press on the surface of the water. As

a result, he would have found atmos-

pheric pressure to be only a little more

than six pounds per square inch,

A siphon is a tube in the form of an in-

verted U, through
How can you which liquids flow
moke a siphon? . „ -

over the walls of a

container, due to atmospheric pressure.

To make a siphon, obtain a rubber or

plastic tube, about three feet long and

not more than half an inch wide. You
will also need two water pails, or other

deep vessels. Fill one pail three-quarters

full of water, and place it in a sink.

Place: the other pail on the floor, almost

directly below the pail in the sink.

Hold one end of the tube in each

hand and completely fill the tube with

water from the tap. Place vour fin-

gers over the ends of the tube, so that no

w a ter can escape. Quickly place one end

well below' the surface of the water in

the pail in the sink. Let the other end of

the tube hang down above the pail on

the floor. This end of the tube must be

lower than the end in the water. Remove

your fingers from both ends of the tube

at the same time. You will find that

water flows through the tube, over the

top of the pail in the sink, and down to

the pail on the floor. The operation you

have just performed takes some skill, so

that you may have to try it more than

once, but it is not really difficult.

Why does water flow over the edge of

the pail? Because, when you removed

your finger from the lower end of the

tube, some water fell out, just as it did

from the drinking straw in your first

experiment on atmospheric pressure.

10



How to make your own itphon.

The water that fell out of the tube left

an empty .space behind it. Atmospheric

pressure on the surface of water in the

pail pushed water up into the tube to

fill the empty space. More water fell out

of the bottom of the tube, and was again

replaced, due to atmospheric pressure

— and the water continued to flow

through the siphon tube.

In 1654, a German scientist, Otto von

Guericke, amazed
everyone by showing

how much force could

be exerted by the pres-

sure of the atmos-

phere. He used two iron hemispheres,

each of which was about twenty-two

inches in diameter. Their rims were

How can you

demonstrate

the force of

air pressure?

Obtain a cork that fitstlgbtly EntotN neck of * soda bottle.

(A one-hole rubber stopper will work even better than

a cork.) Sore a narrow hole through the cork. Into this hole,

push the glass tubs from an eye dropper. Be sure that

the tuba fits the hole tightly. If It does not, seal it Into the

hole wEth rubber cement, modelling clay, or putty. Using

a length ol rubber tubing, attach to the wide end of the eye

dropper tube a length of glass tubing that reaches nearly

to the bottom of the bottle. Fill the bottle about one-

fourth full of water. Lower the glass-tube assembly Into

the bottle and press the cork tightly in. Hold the cork

with your fingers, and blow hard Into the bottle in order

to compress the air within. Quickly point the bottle away

from you„ and watch a stream of water gush from the tip of

the eye dropper tube.

carefully ground smooth and covered

with grease. He put the rims together,

and, with a vacuum pump he had in-

vented, removed the air inside the hol-

low sphere. So great was the air pressure

on the outside that it took sixteen

horses, eight on each side, to pull the

hemispheres apart.

You can perform an experiment like

that of von Guericke. You will need two

plungers of the kind that are used to

force water through drains. You will

also need a friend to help you. Thor-

oughly wet both plungers. Ask your

friend to sit in a chair and hold the



plunger handle between his knees, the

rubber cup upward. Place the cup of

your plunger upon the other one, and

slowly and carefully push down until

most of the air has been expelled from

the plunger cups. Now, each of you

grasp a handle, and see how difficult it

is to pull the plungers apart.

If you have only one plunger, place

it on a smooth wet surface, and push

down hard. You will see how strongly

you have to pull in order to pull it free.

All the force holding the plunger to

the surface is due to atmospheric pres-

sure.

How does

atmospheric

pressure help

us breathe?

When we take a breath, air enters our

lungs. People usually

say that we “draw” air

into our lungs, but

this is not an accurate

way to describe what

happens. Let us see how we breathe.

Our lungs are two large sacs of mem-
brane suspended within the cage of our

ribs. The lungs have no muscles, and

therefore we have no direct control over

them. Below our lungs is a large curved

muscle, called the diaphragm. To take

a breath, we pull the top of this muscle

downward. Doing this raises our ribs

-

12



Twerily horses were riot able to pull the steel spheres

opori after (he German scientist Otto von Guericke

hod removed the air between the spheres. This oc-

curred in 65 4 in Magdeburg, Try to separate two

plungers and you will see bow difficult it can be.

and makes more room within the rib

cage. The lungs now have room to ex-

pand. The air pressure outside the lungs

is greater than the air pressure within

the lungs, so air is pushed into the lungs

from outside our body. This is the act

of inhaling.

To exhale, we relax the diaphragm,

thereby lowering the rib cage, which

presses the air out of the lungs.

To make a model of our breathing

apparatus, we need a bell jar— a bell-

shaped glass that is open at the bottom.

Vs e also need a one-hole rubber stopper

that will fit the neck of the bell jar,

a glass tube in the shape of a Y, two

small balloons, and a large thin piece of

rubber.

Place the stopper in the mouth of the

jar. Tie the two balloons to the ends of

the arms of the Y-tube. Put the other

end of the Y-tube into the hole in the

stopper, doing so by way of the bottom

of the bell jar. Tie the large piece of

rubber around the bottom of the bell jar.

The large piece of rubber represents

the diaphragm. The upper part of the

Y-tube represents the trachea, the arms

represent the bronchial tubes, and the

balloons represent the lungs. By pulling

13



down on the rubber diaphragm, you

simulate the act of inhaling. Then, by

pushing upward on the diaphragm, you

simulate exhaling.

How con

you make
Cartesian

divers?

A Cartesian diver is a toy that depends

on two principles: The

first is that air is elastic,

and the second is that air

is lighter than water. You

can easily prove that air

is elastic by holding a finger tightly over

the outlet of a tyre pump. Push the

plunger in, and suddenly let go. The

plunger springs back as if it had been

pushed into rubber, which, as you know,

is very elastic.

That air is lighter than water is

proved by the fact that air bubbles rise

in water. Lighter materials rise to the

top of heavier ones. Thus, air is lighter

than water.

A real Cartesian diver is a tiny figure

of a man made of some material that is

a little heavier than water. Inside this

figure is a smali glass tube, closed at one

end, and with the open end pointing

downward. The whole apparatus is

made of materials of such weight that

it floats Just below the surface of the

water. The Cartesian diver is put into

a tall jar filled with water to the very

top, and covered by a thin piece of rub-

ber. When you press down on the

rubber, the water transmits your push

to the air in the glass tube inside the

diver. The air, being elastic, is com-

pressed, so that it occupies a smaller

space. The result is that the air is less

able to hold up the diver, which sinks

toward the bottom of the jar. By giving

the rubber just the right amount of

push, you can make the diver rise and

sink, or float at any level you wish.

14



It is quite difficult to make a real Car-

tesian diver, but we can have much fun

with substitute divers. Our divers will

be paper matches cut in half, the half

with the matchheads attached being

used. We place three or four of our

divers into a bottle with a very thin

neck, one over which you can easily

place your thumb. Fill the bottle with

water to the very top. The half matches

will float because of air within the fibers

of the paper.

Put your thumb over the top of the

bottle, and press downward. This will

compress the air in the half matches,

jr.d their heavy heads will pull them

down to the bottom. When you release

the pressure of your thumb, the divers

will rise. With a little practice, you can

make your divers sink and rise and float

at whatever level you wish.

Obtain a small phial with a $trew-C«p- A mala! cap Is

best fur our purpoee.

By trial and error, find out how much baking soda you

must put Into the dosed phial to make It si ok slowly In

a tall jar of water

Punch or drill a pinhole in ihe top of the phial and re-

place it in the water, A a the phial sinks, a bubble will form

on the bottom.

When the bobble grows large Enough, the phial will rise

toward the surface,

A$ the phial rises, moat of the bubble will be detached

„

end the phial will sink again. This rising and sinking will bo

repealed over and over.
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meuinq ics
BECOMES WATEE

BOILING WATER
BECOMES STEAM

Water can exist in three different forms,

or states: solid, liquid,

and gas. Put three or

four ice cubes in a tea

kettle, and put the

kettle over a small flame on a stove.

Why aren’t

fishes froien

in winter ice?

Because ice is lighter Mian * float*. This permit* life to go on in a frozen pond.

Leave the lid off the kettle, so that you

can watch what happens inside. As the

ice is heated, it melts and becomes

water; it changes from the solid to the

liquid state. When all the ice has melted,

put the lid on the kettle, and turn the

flame up higher. Make sure that the

spout is pointing away from you. Soon,

the water will boil. You will see steam in

front of the spout. Steam is made up of

little droplets of water. Look closely at

the space just in front of the spout. You

will see what looks like an empty space,

butthespaceistaken up by watervapour,

which is invisible, because it iscolourless.

Water vapour is water in the state of a

D*0P5 OF WATfl
FORM ON THE 5JOQ

N

16
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gas. To prove that water vapour is a form

of water, wrap a towel around the han-

dle of a tablespoon, and hold the bowl

of the spoon in the seemingly empty

space in front of the spout. You will see

drops of water form on the spoon. If

von put these drops of water into the

freezer of a refrigerator, they would

freeze and become ice.

Water is an unusual substance, be-

cause, unlike most other substances, it

is lighter in its solid than its liquid state.

Ice is lighter than water. When water

is cooled to within a few degrees of its

freezing point, it suddenly begins to be-

come lighter. It continues to become

lighter until it freezes. The fact that ice

is lighter is important to all fish, plants,

and other forms of life that live in water

that freezes in winter. When a pond,

lake, or river freezes, the ice floats. This

leaves water below, in which fish, wpater

plants, and other living things continue

to live almost as they did before the ice

formed. If ice were heavier than water,

a body of water would freeze from the

bottom upward. The water plants would

freeze and die, The fish would have shal-

lower and. shallower water in which to

swim, as the level of ice rose. Finally,

the fish would be frozen into the ice as

the last w'ater, at the surface, froze. ’S ou

have surely seen ice cubes floating in

cool drinks. The fact that the ice floats

proves it is lighter than water.

You can demonstrate why ice is lighter

than water by means
Why is ice

0f following exper-
lighter

ihcm water?
iment. Obtain a small

screw-cap bottle with a

narrow neck and wide shoulders. Fill

the bottle to the very top with water, and

screw the cap on tightly. Put about two

dozen ice cubes into a pail. Add three

glassfuls of water. Also add a generous

handful of salt. Place the screw-cap

bottle into the ice, water mixture, and

salt. Stir the mixture frequently. After

about fifteen minutes, or more, the

water in the bottle will freeze and the

bottle will break. If the ice melts before

the water in the bottle freezes, add more

ice and a little more salt.

Why did the bottle break? It broke

because when the water in the bottle

froze, it expanded. The ice expanded to

take up more room than the water.

Since the ice took up more room, it

could no longer fit into the bottle, and

the force of its expansion broke the

bottle.

Suppose you had another bottle the

same size as the one that broke, and

w,,t * exponds..W

Hh

17



suppose that there were some way to

put the ice into this bottle. Since the ice

takes up more room than the water, you

would have some ice left over. Now, if

you let the ice in the bottle melt, the

water from the melted ice would not

fill the bottle. This is true because some

of the water originally in the first bottle

made up the ice you couldn't put into

the second bottle. You can easily see

that an amount of water that only partly

fills a bottle will weigh less than an

amount that completely fills the bottle.

The water from the melted ice only

partly filled the bottle. This shows that

a bottle of ice weighs less than a bottle

of water. So, ice weighs less than water.

How can you toko

water out of air?

We learned that water vapour is water in

the state of a gas.

It is not neces-

sary to boil water

in order to cause it to become water

vapour. At the surface of any body of

water, some water is almost always leav-

ing the surface and passing into the air

in the form of water vapour. There are

tons and tons of water vapour in the at-

mosphere. Warm air can contain more

water vapour than cool air. Air can be

cooled to a point at which it can no

longer hold all the water vapour it con-

tains, When this happens, the water

vapour forms droplets of water. Clouds

are made up of droplets of water that

has formed from water vapour; so is fog

If clouds are cooled further, their drop-

lets of water form big drops that fall as

rain.

Another form in which water vapour

leaves the air is dew. At night, leaves,

grass, and stones cool more quickly than

the air. Air passing over these cool ob-

jects is. in its turn, cooled. The cool air

cannot hold its water vapour, which

leaves the air to form the dew drops so

familiar to anyone who goes out early

on a summer morning. The temperature

at which water vapour becomes water is

called the dew point.

Nature's water cycle, evaporation, cOfidensaiion* and

precipitation, repeats Itself endlessly.



'f-Ere i* always some moisture in the oit
r
the jar

- II always be moist after the temperature has

reached the dew paint.

Let us form dew and measure the dew
point in the following manner. Put

water and some ice cubes into a shiny

tin can. Just before putting a thermom-

eter into the can, read the temperature.

This is the temperature of the air. Stir

the ice and water slowly. Watch the out-

ride of the can carefully. When you see

drops of water begin to form on the can,

read the thermometer. This temperature

is the dew point, and is the tempera-

ture of air that is touching the can. Note

that this temperature is lower than the

temperature of the surrounding air.

rating the water. In order to evaporate,

the water takes up some of the heat that

we apply. Suppose you heat a spoon,

and then drop some warm water into it.

If the spoon is hot enough, the water

will sizzle and dance about in the bowl

of the spoon— and evaporate. When
this has happened, the spoon will be

much cooler. The main reason for this is

that the spoon used up much heat in

evaporating the water. Thus, you can

see that evaporation is a cooling process.

On hot days you perspire, and your

perspiration gathers in small drops on

your skin, where it slowly evaporates.

When a blast of air from a fan strikes

Evaporation |j a coaling p races*.

Everyone knows that air from an elec-

tric fan feels cool on a
Why does

hot day We usually
an e «iric

jt for granted that

the fan is blowing cool

air. But if you stop to think about it,

you will realize that the air the fan is

blowing upon you is the same air that

makes you feel uncomfortably warm.
Why, then, does this blast of warm air

make you feel cool?

When we heat water so that it turns

into water vapour, we say we are evapo-

the perspiration, the rate of evaporation

is greatly increased. Since evaporation

is a cooling process, the rate of cooling

is increased, and the air from the fan

causes you to feel cool.

Read the temperature on a thermom-

eter. Put two or three layers of mois-

tened cleansing tissue around the bulb

of the thermometer. Place the thermom-

eter in the blast of air of an electric fan.

Watch the temperature go down, as

evaporation of water from the tissue

cools the thermometer’s bulb.
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THE “MAGIC * 1 BALLOON

Pierce p sodo bottle in a bowl of ice cubes or cracked

See, After q few minute*, when the bottle has become

cold, slip a deflated bolioort over the neck of the

bottle. Remove the bottle from the ke and wail about

five minutes until the bottle returns to room tempera-

ture, Now pfoce the bottle in a bowl of hot wetter.

The balloon will become Inflated os the heat exponds

the air within the bottle.

THE MOVING APPLES

Suspend two apples so that they hong about half an

inch opart. When Ihey hang absolutely still* place

your mouth close to Ihe space between the apples

and blow hard. Instead of flying apart* the appFes

will move cFoser together. Whenever air moves fast,

its pressure Is lowered. With the pressure between

the apples lessened, the normal air pressure on the

rest of the apples' surfaces pushes them together.

THE DRY HANDKERCHIEF

Push q handkerchief firmly into the lower half of a

drinking gloss. Be sure that the handkerchief will not

fall out when the gloss is turned upside down. Fill a

large pot or a sink with water. Push the gloss, open

end down, below Ihe surface of the water. The hand-

kerchief will remain dry because the air in the gfass

occupies space and therefore prevents Ihe water from

rising into the glass.

Cut a spiral out of a piece of paper. Balance your

spiral on the point of o pencil. To do this* you may
have to press the paper down lightly upon the pencil

point, but do not press hard enough to make o hole

in the paper. Hold the spiral over a lighted electric

bulb or over the shade of o lighted lamp. Your spiral

will spin around the pencil because the rising worm
air pushei the spiral around*



THE FALLING PAPER

THE FLOATING EGG

THE FALLING PAPER

Crumple a sheet of pc per tightly into a wad. Hold t-e

paper wad and o flat sheet of paper at rhe some
height above your head. Hold the sheet parallel ro she

feof- Let go of bolh pieces of paper at the same
»ement r The paper wod wiEI strike the 5oor before

sheel + The rounded surface of ihe paper wad
less resistance to the air than the flat paper

sheet. Streamlined airplanes, automobiles, and trains

~<^e rounded surfaces so os to offer less resistance

’•c
B re air they move through.

THi FLOATING EGG
- : :e an egg into a tall glass of water, and watch it

to the bottom. Add o tablespoon of salt to the

and carefully stir it until the salt dissolves. By

-‘me you hove finished this operation, the egg
- be ftoaMng at the surface of the water* Ilf not,

odd more salt.) A volume of salt water equal to Ihe

volume of the egg weighs more than the egg end
“lerefore pushes the egg to the surface.

THi COLLAPSING CAN
Obtain gallon con wilh a screw-cop that fits tightly.

Pour o glass of water into the can. Heat the con on

a gas range until steam pours from the opening. Turn

off the heat. Using a potholder, quickly p Face the

can in the srnk ond screw the cap on tightly. Run

cold wafer over the can. The can will buckle and

collapse. The steam drove the air out of the can, and

when, in the cooled con
r
the steam condensed to

water, a partial vacuum was formed. As o result, the

greater air pressure on the outside crushed the con.

THE SWIMWING FISH

Cut o piece of cardboard or stiff paper info the shape

of a flsh. Cut into the tail of the fish a channel that

ends in a hole about one-eighth of an inch in diam-

eter. Suspend a drop of ail in this hole. Place the flsh

on the surface of a panful of water. The fish will move
forward under Its own power because the oil lessens

the surface tension behind the fish. (You can use a

prece of soap or camphor in place of the oil.}



The steel needle float? because of the surface tension

of rh* wQier, If you observe the water carefully, you

- cee row rhe surface seerns to bend under Ihe

weight of the needle. You con try the some experl-

ment with a double-edged razor blode.

The toothpicks will always

move together unless you

break or lessen the surface

tension.

Everyone knows that steel will not float,

Steel is nearly eight
How can you

make steel float?
times as heavy as

water. Yet it is easy

to make a piece of steel float. Place a

sewing needle upon the prongs ofa fork.

Lower the fork into a glass filled with

water. The needle will float. The needle

is made of steel. Why does it float?

Water is made up of tiny particles

called molecules. The molecules attract

each other like tiny magnets. The mole-

cules at the surface of a liquid attract

each other strongly enough to be able

to support small weights, such as a

needle. This molecular attraction at the

surface of liquids is called surface

tension.

When you have floated the needle,

obtain some soap pow'der or detergent

powder. Soap and detergent clean be-

cause they lessen the surface tension of

water, and cause oils and greases to

form tiny particles that can be washed
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away. Drop just one single grain of soap

powder or detergent into the glass con-

taining the floating needle. Watch the

needle immediately sink, as the surface

tension is lessened.

The surface of a liquid is actually in

a state of tension; that is, it exists as if

it were being pulled tight. Place two

toothpicks about one-eighth of an inch

apart, side by side, in a glass of water.

They will move together because the

surface of the water is a little higher at

the sides of the glass. It is as though you

placed two iron pipes near the middle

of a blanket that was being held taut by

its edges. The pipes would roll together.

Add a few grains of soap powder or

detergent to the water, and watch the

toothpicks fly apart, as the surface ten-

sion is lessened.

by first penning it up behind a dam. In

the dam are one or more openings that

lead to a long pipe called a penstock.

The penstock curves downward— in

some dams, for as much as half a mile.

Water from behind the dam falls

through the penstock and comes out the

bottom of this long pipe with great

force. At the lower opening of the pen-

stock is a turbine, a great wheel with

blades radiating outward from its cen-

ter. Water shooting out of the penstock

strikes the blades of the turbine, and

spins the great wheel around very rap-

idly. The axle of the turbine runs to an

electric generator, which it turns. In this

way, water generates electricity.

Push a knitting needle through the

exact centre of a cork. Stick halfa dozen

pens into the outside of the cork, in a

SPILLWAY FOR
HIOH WATIP

POWEP PLANT

GENERATORS

Water is put to work lo help create electricity.
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Mil*

The milk carton acli as

a dam for your turbine.

NEE; RLE

CORK

circle. Twist a coat hanger into the

shape shown in the illustration. Place

the knitting needle on the wire cradle as

shown. This is your turbine. Punch a

small hole near the bottom of a milk

carton. Place the carton beneath a tap

in a sink, and arrange the turbine so

that water running out of the hole in

the carton strikes the pens. Your tur-

bine will spin rapidly, as long as water

continues to shoot out of the carton,

which is acting as the dam.

How does water

rise to the

tops of trees?

In the Sequoia National Park in Cali-

fornia, some of the

trees are thirty sto-

ries tall. Water rises

from their roots to

their tops. How does this take place?

Put a few drops of red, or green, or blue

ink into a glassful of water. Put a piece

of uncooked macaroni into the water

vertically. Note that the water inside the

macaroni rises higher than the surface

of the water outside. The reason for the

The water inside the

macaroni rises higher

than Ihe surface of the

water oulside.

Capillary action make

the water rise from rh

roots of plan Is to tf*

highest leaves.
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rise of water inside the tube of macaroni

is that the water molecules are attracted

to the sides of the tube, and “creep" up

the sides. The rise of liquids in thin

tubes is called capillary action. The

thinner the tube, the higher the rise.

Inside all woody plants there are

thousands of tubes. So small is the di-

ameter of each tube that it is hard to

see it with the naked eye. It is capillary

action in these tubes that raises water

to the tops of plants, including the tall-

est trees.

Put a freshly-cut celery stalk into col-

oured water. After a few hours, note that

the leaves are coloured by the water that

has risen through the stalk by capillary

action.

the streets

we hear

car horns,

trucks, the

thumps,

yr uutci sounds you

can-_£asflyr~ name: Indoor sounds are

familiar to all; footsteps on the floor,

the thud of closing doors, people talk-

ing, music and voice from television or

radio, the rattle of dishes, silverware,

and kitchen utensils. In the country,

you may hear the songs of birds, caw*

ing of crows, lowing of cattle, the buzz-

ing of insects, or the rustle of leaves as

a breeze blows through the trees. Even

in the quietest night, you can hear your

own breathing. There is no time when

you are awake that you cannot hear

sounds.

When an object vibrates — moves

rapidly back and forth— sound is pro-

duced.

Obtain a ruler or a wooden lath.

Place it on a table, so that about two-

thirds of the ruler projects over the edge

of the table. Hold the ruler firmly with

the palm of one hand. Pull the free end

of the ruler down about an inch, and

then suddenly let go. Do you see the

ruler vibrate at the same time you hear

the deep hum it makes? When it stops

vibrating, place your ear close to the

ruler. Now . you hear no sound coming

from the ruler. Clearly then, the vibra-

tion of the ruler had something to do

with the sound it made.

Hold a dinner fork close to your ear,

and listen carefully. No sound comes

from the fork. Strike the edge of the

fork against a table or some other hard

object. Note the prongs’ blurry appear-

ance caused by their rapid vibration.

Again, strike the fork against the table,

and quickly bring the fork close to your

ear. You will easily hear the sound com-

ing from the rapidly-moving prongs. So,
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No sound wiki come

from the prongs of a

dinner fork unless

you make the prongs

vibrate.

again, we have connected vibration and

sound.

You surely know that sound always

travels from the
How does

source of the sound.
sound travel? , ,A fnend shouts to

you, and you know that the sound of

his voice travels from his throat to your

ears. You hear the sound of an air-

plane’s engine because sound travels

from the engine to you. You probably

can name a hundred instances in your

daily experience in which sound travels

from its source to your ears. Even the

sound of your own voice has to travel

from your vocal cords to your ears.

Can we perform an experiment that

will show us something about how

sound travels? We can, if we use a

bell far. The bell jar rests, open side

down, on a circular metal plate that has

a hole in its centre. A rubber tube runs

from this hole to a pump that can pull

air out of the bell jar.

We set an alarm clock to go off in

one minute, and place the clock on a

sponge on the metal plate. We coat the

26

rim of the bell jar with grease, such as

petroleum jelly, before placing it on the

metal plate. The grease prevents air

from leaking in or out of the bell jar.

Soon, we clearly hear the clock ring.

We remove the bell jar, wind the

alarm, set it to go off in five minutes,

and replace the dock, sponge, and

bell jar on the metal plate. Now, we

start the pump pulling air out of the

bell jar. When, at the end of five min-

utes, the alarm rings, we can barely hear

it. What has happened? We guess that

lack of air in the bell jar has diminished

the amount of sound that the alarm pro-

duces, Our guess is right. If all the air

were pumped out of the bell jar, we

would not hear the alarm at all — be-

cause the alarm would make no sound

whatever. From this experiment we can



conclude that air was needed for the

vibrations of the alarm to travel in the

form of sound. The air is called the

medium in which the sound travelled.

The word “medium” comes from the

Latin word medius, which means “mid-

dle.” The air served as a middle, or go-

between, that conducted the vibrations

from the bell to your ear, so that you

beard them as sound.

We know that air is quite a satisfactory

medium for the

travel of sound,

because, except

when we are swim-

ming or in the

bathtub, sounds always reach our ears

through air. Air is a mixture of several

gases, so we can say that gases are aV : 1

What is the

best medium
for sound to

travel through?

satisfactory medium for sound. Liquids

are a better medium than gases; and

solids are even better than liquids.

Next time you are swimming, try this

experiment. Ask a friend to stand about

fifty feet from you and to strike two

medium-sized rocks together. Put your

head under water, and ask your friend

Water berrer than ak as a conductor of sound.

to strike the rocks together, again, this

time beneath the surface of the water.

You will notice that the sound of the

striking rocks is louder under water.

This shows that water is better than air

as a medium for carrying sound.

To learn how well solids conduct

The creation of o vacuum causes the sound to fade.



sound, ask a friend to stand at the oppo-

site end of a bare table with a watch in

his hand. You will hardly hear the tick-

ing of the watch, if you hear it at all.

Now, have your friend place the watch

on his end of the table while you put

an car to the top of your end of the

table. You will hear the watch ticking

quite clearly. This shows that the table

which is solid, is a better sound-conduct-

ing medium than air, which is gas.

Another experiment that shows that

solids conduct sound better than gases

is this: Thread a length of stout string.

The Indian *cout in the picture, with his ear to the

ground,, hears something that he wguFd not hear

standing up. You can demonstrate the some principle

if you do the experiment with the watch on the table,

or if you make your own con -telephone. Solids are

better sound-conductor* than gase*.

about thirty feet long, through a hole

in the bottom of each of two empty tin

cans. Now, tie thick knots at the ends

of the string so that they will not slip

back through the holes. Ask a friend to

take one of the cans and walk away
from you until the string is taut. Ask
him to speak in a very low voice, so that
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you can barely hear him* Then ask him

to speak in the same level of voice into

his tin can, while you hold yours to your

ear. Now, you will hear his voice more
loudly, for the string conducts sound

better than air does.

What are

sound waves?

We have learned that sound must have

a medium in which

to travel. We still

have to learn in what

form sound travels through the medium.

The vibrating prongs of a tuning fork

produce sound. Let us concentrate on

the action of one prong. As the prong

moves in one direction, it compresses

the air particles in front of it. Then, the

prong swings in the opposite direction,

and the space that it just occupied is

nearly empty of air particles. The sur-

rounding air particles begin to crowd

into the partly-empty space, but the

prong, swinging forward again, com-

presses them once more. This process

of compressing and rarefying the air

around the prong continues as long as

the prong vibrates.

The compressed particles of air are

pushed against those a little farther

away from the prong. This push, or

impulse, moves farther and farther out-

ward, compressing air particles as it

travels. Following behind the compres-

sion is a space of rarefied air. Thus, the

vibrating prong sends through the air

a continual series of alternating com-

pressions and rarefactions. Each pair of

compressions and rarefactions makes

up one sound wave. Sound waves travel

outward from a vibrating object like a

>eries of expanding soap bubbles, each

one inside the one moving ahead of it.

Scientists have very fast cameras with

which they can photograph sound

waves. We do not have such a camera,

but we can perform experiments that

will give us an idea of how sound waves

travel.

Run four or five inches of water into

a bathtub, washbowi, or kitchen sink.

You will need a light above the water,

and the ceiling light will do very well.

Sharply tap the centre of the water

with a pencil. Do you see, on the bot-

tom. shadows of a series of rings moving

outward from the place where you

tapped the water? The rings are crests

of water waves.

Now dip the pencil into the centre of

the water. Wag the pencil back and

forth rapidly; that is, make the pencil

vibrate. You again produce a series of

expanding circular water waves that

move outward from the pencil, each

circle inside the one moving ahead of

it. The shadows of the waves are what

29



you would see if you could slice a series

of sound waves in half and then look

at the cut edges.

It is important to understand that

sound waves are not made up of par-

ticles of air that move outward from the

vibrating object. It is only the push, or

impulse, that moves.

From a piece of wood shave half a

dozen chips no more than half an inch

long. Drop the chips into the water in

several locations. Use the pencil to pro-

duce more water waves, and note that

although the chips may move about a

bit, their main motion is to bob up and

down as the waves pass them by If the

waves had been made up of water mov-

ing outward from the pencil, they would

have carried the chips along with them:

but they did not. This fact shows us that

water waves are simply up-and-down

motions that travel along the surface

of the water. Knowing this helps to

understand that sound waves are simply

pushes that compress and rarefy the air

as they travel outw ard from a vibrating

object.

Another experiment that will help

you to understand the idea of a moving

impulse is the following. Place six coins

in a straight row on a smooth table top.

Place a seventh coin a half inch behind

the row. With a flip of your finger

against the seventh coin, cause it to slide

along the table and strike the coin at

the rear of the row. You will see that

the front coin suddenly moves forward

away from the row. What moved the

front coin? The push you gave the sev-

enth coin travelled all along the row and
moved the front coin forward. The

other coins remained in place. Tn much

the same way, particles of air remain

in place as the push, or impulse, of a

sound wave moves through them.

Once again, sharply tap the centre of the

water. Observe the wave

shadows carefully. Note

that when they reach the

sides of the container, they bounce back

What is

an echo?

Jf you imagine the coins to be

p articles of air
, you con demon-

strafe haw they remain in place

as the impulse' of sound wave

moYes through them.
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sound waves hit a solid

p Ihey bounce bock The

red sou nd
H
or echo, wifi be

I cai o separate sound if the

ffixrsnce forty feet or more.

mrtid waves of on echo

bock by reflection, much ^
waves bouncing back

^
r 3 wall.

WAT

toward the centre. When waves bounce
in this manner, they are said to be re-

flected. You arc familiar with the re*

flection of light. The reflection of sound
waves from objects they strike is almost
exactly the same as the reflection of

light from shiny objects. A reflected

sound is an echo.

If you are in the country, and if you
shout your name toward a steep grassy

hill or toward the foot of a cliff, the

sound of your voice will travel to the

hill or cliff and then reflect back as an
echo, as though someone in front of you
were calling you.

If you shout toward a thickly wooded
hill, you will probably hear no echo at

all, or only a faint one. The reason for

this is that the sound of your voice will

strike the leaves, twigs, and branches of

the trees. As a result, the sound waves
will be reflected at the hundreds of dif-

ferent angles toward which the surfaces

of the leaves, twigs, and branches are

facing. Only a few surfaces will reflect

sound back to you, and usually these

are too few to produce an echo loud

enough to be heard.

It is interesting to know that sound
engineers who want to diminish echoes

in theatres copy the manner in which
the trees on the wooded hill diminished

the echo of your voice. The engineers

may build the walls and ceiling of the

theatre with rippled surfaces, so that

sound is reflected at many angles, allow-

Acoustics experts have found

way* io build walls, ceilings and
floors sc that the reflection of

sound is practice I ty eliminated.
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ing very little sound to echo to the seats

or stage or movie screen. Or else, the

sound engineers may cover walls and

ceiling with materials that have tiny

holes in their surfaces. Sound bounces

around in the holes, unable to echo

from the walls and ceiling.

If you live in a city, finding a place

to hear echoes may be difficult. You
must find a large open space that is

shielded from traffic and other city

noises. At one end of this open space

must be a high wall or some other flat

surface. An empty lot with a billboard

at one end makes an excellent echoing

place. Since the distance at which you

can stand from the billboard will prob-

ably be much shorter than the distance

you can stand away from a hill, you

will probably find that the first part of

your name has echoed back to you be-

fore you finish shouting your whole

name. For this reason you will prob-

ably have difficulty hearing any echo at

all. To remedy this situation, shout a

short syllable, such as ba, or else clap

your hands. These sounds wili echo

clearly.

How con you meetsare

distance with sound?

Sound travels approximately 1,100 feet

per second

in air that

has a tem-

perature of 70° Fahrenheit. We can use

this fact to measure distance. Thunder

is sound echoing from cloud to cloud

and from cloud to earth. The source of

thunder is a lightning flash — a giant

electric spark that suddenly and in-

tensely heats the air through which it

passes. The heated air expands so rap-

idly that it gives the neighbouring air a

powerful push. This push travels as a

The number of seconds between Itgbfnmg and thunder

divided by five win give you the distance in miles from

the lightning floih to you.

great sound wave that we hear— if we

are close to the lightning — as a thun-

derclap. If we are far from the light-

ning, we hear the familiar rumbling of

thunder, as the thunderclap echoes

from clouds and hills.

With these facts in mind, we are

ready to use sound to measure distance.

We have to wait for a thunderstorm,

and we need a watch with a second

hand. When we see a flash of lightning,

we note the exact time according to the

second hand of the watch. Light travels

so fast — 186,000 miles per second —
that we can ignore the time it takes light

to travel from the lightning flash to our

watch. Having timed the moment at

which the lightning flashed, we keep

our eyes on the watch’s second hand to

learn how many seconds it will take the

first sound of thunder to reach our ears.

Since we know that sound travels ap-

proximately 1,100 feet per second, we

multiply by 1,100 the number of sec-

onds between the lightning flash and the

first sound of thunder. This gives the
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distance in feet from us to the lightning

lash. Suppose it took five seconds for

the sound of thunder to reach us. We
multiply 5 by 1,100 and obtain 5,500,

the number of feet from us to the light-

ning flash. Since 1,100 feet are roughly

one-fifth of a mile, we may find the dis-

tance of the lightning in miles by divid-

ing the number of seconds by 5. Using

the five seconds in the foregoing exam-

ple, we divide them by 5, and the result

is 1 ; that is, one mile. Since there are

5,280 feet in a mile, and since we found

the lightning to be 5,500 feet distant,

we can see that our measurement of

distance by means of sound was fairly

accurate.

instruments

produce sound?

Guitar, banjo, and zither strings are

plucked with the

I-.—.. or a pick.

Violin and cello

strings are stroked

with a bow. Piano strings are struck with

felt hammers. In whatever manner they

are played, the strings are caused to

vibrate, and thereby to produce sound.

But you know that stringed instruments

can produce a great variety of sound.

Let us see how they vary their sounds

Fasten shut the lid of a cigar box by

gluing it or by nailing it with thin tack?

or brads. Drill or cut six holes in the

top of the box. In both these operations,

be careful not to split the wood.

Break half a dozen rubber bauds, so

that you can pull them out into single

lengths. Use thumbtacks to fasten one

end of each rubber band to one end of

the top of the box. Fasten the other end

of each rubber band to the other end

of the box. If the rubber bands are

longer than the top of the box, just make
sure that the length of each rubber band

between thumbtacks is pulled tight.

Space the rubber bands evenly apart.

Try to get rubber bands of several dif-

ferent thicknesses, and arrange them in

order from thickest to thinnest.

Cut two pieces of cardboard that are

two inches wide and three inches long.

Then draw three lines half an inch apart

down the length of each piece of card-

board. thus dividing it into four half-

inch strips. Fold each piece of cardboard

along its lines so as to make a triangular

strip, as shown in the illustration on

this page. Fasten the cardboard tri-

angles with adhesive tape. Slip the tri-

angles under the rubber bands, about

an inch from each end of the cigar box.

Now you nave a stringed musical instru-

ment on which you can play tunes by

plucking the rubber bands.
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As you pluck the rubber bands, note

that the thicker ones produce tones of

lower pitch than the thin ones. Thick

strings on musical instruments are used

to produce lower tones, and thin strings

to produce higher tones.

Remove the rubber bands from your

musical carton, and replace them with

six other rubber bands, all of the same

thickness. From what we have just

learned about the thickness of a musical

string and its pitch, we should not be

surprised to find that all the strings of

our musical carton now have the same

pitch. Pluck them and listen. Now,
move one of the cardboard triangles, so

that it slants across the carton. The re-

sult of this move will be to change the

By moving tfv?

board triangles, you

change- Hi* length of

Hie rubber bands and

thus, their pitch.

length of those parts of the rubber bands

that are between the two triangles.

Pluck the rubber bands, and note that

the longer ones have low pitch, while

the shorter ones have high pitch.

The use of strings of various lengths

is another way of varying the pitch of

stringed instruments. Violin, cello, gui-

tar, and banjo strings are all of the same

length, but musicians vary the length of

the vibrating part of a string by pushing

it against the neck of the instrument

with a finger. Sound from the shortened

portion of the string rises in pitch.

Pianos, harps, and harpsichords have

strings of different lengths.

Push the triangular piece of card-

board back to its original position.

Grasp one of the rubber bands and pull

it tighter than its neighbour. Pluck these

two rubber bands, one at a time. Note

that the tighter one has the higher pitch.

Thus, we have a third way in which the

pitch of stringed instruments can be

varied — by tightening and loosening

the strings. You probably have seen a

violinist or guitarist tuning his instru-

ment by turning pegs, or keys, at the end

of the instrument’s neck. In this way, he

tightens and loosens strings.

Flutes, piccolos, tubas, saxophones,

clarinets, and trom-
How do wind • .

. , bones are among

produce sound?
the many wmd ,n-

struments. When a

musician blows into a wind instrument,

he causes a column of air inside the in-

strument to vibrate, and the vibration

produces sound waves. A wide wind

instrument produces lower tones than a

narrow one. A tuba produces lower

notes than a flute.

Obtain a wide drinking straw and a

narrow one. Place your finger over one

end of the thick straw. Hold the straw

in a vertical position, its open end

pressed against your lower lip. Below

your breath across the top of the straw.

Do the same with the thin straw. Note

that the thick straw produces a lower

tone than the thin straw.

A long wind instrument produces

tones of lower pitch than a short instru-
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ment. A trombone produces lower notes

than a piccolo.

Fill a soda bottle three-quarters full

of water. Place a drinking straw in the

water. Hold the straw in your right hand

and the bottle in your left. Blow across

the top of the straw to produce a sound.

FA

Lower the bottle with your left hand,

while continuing to blow across the

straw. Note that as you lower the bottle,

and thereby lengthen the column of air

in the straw, the note you are producing

lowers in pitch, This is the principle on

which the slide trombone works.

Drums, cymbals, xylophones, and vibra-

phones are
How d0 <“reu“lon

percussion in-
instrument* ^ ,

,

, M struments. Upon
produce sound? r

being struck a

blow, some part of a percussion instru-

ment vibrates and thereby produces

sound. When you strike a drumhead, it

vibrates and sets the air inside the drum

to vibrating; this magnifies the sound

produced, A struck cymbal is simply a

vibrating disc of brass. Different tones

of a xylophone are produced by pieces

of hardwood of different lengths and

thicknesses set vibrating by blows of a

small wooden mallet.

Set eight drinking glasses, all of the

same srie, in a row. Pour half an inch

of water into the first glass. Into each

succeeding glass pour a little more

water than in the glass before it, so that

the eighth glass is about three-quarters

full. Tap the rim of each glass with a

pencil. The differences in the lengths of

the air columns in the glasses give them

different pitches. Your row of glasses is

a sort of xylophone on which you can

play tunes.
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GALILEO'S

TELESCOPE

NOKT+H 51A*

What is

astronomy?

The word astronomy comes from two

ancient Greek words

that mean “to arrange

stars.*’ Ancient Greek

astronomers made maps of the night

sky, and in doing so, they arranged the

stars into groups called constellations.

The Greeks’ study of the stars led to the

discovery of many facts about other

heavenly bodies— the planets, the sun,

and the moon. The ancient Greeks had

no telescopes, yet they did a remarkable

job of describing heavenly bodies. They

mapped more than one-third of the

constellations we know today, and they

described orbits of five of the planets.

Other ancient “star-arrangers,” or as-

tronomers, carried on the work of map-

ping stars, so that by the second century'

a.d., the great Egyptian astronomer

Ptolemy had mapped more than half

the constellations. By that time, he had

also worked out a very ingenious system

of circular paths to account for the

motion of the planets and the apparent

motion of the stars.

Astronomy took a giant step forward

when the Dutch optician Hans Upper-

shey, in 1608 invented the telescope,

and the Italian scientist Galileo made

the first really effective telescope the fol-

lowing year.

Today, astronomers have huge tele-

scopes and space-piercing cameras with

which to study the sun, moon, planets,

and stars in the vast spaces of the uni-

verse. Let us perform some astronomi-

cal experiments.

For more than a thousand years,

mariners in the North-
How can you

ern Hemisphere have
locate the , . L . .

North Star?
been 8uldm8 thelr

ships by a bright star

that is almost exactly in line with

the North Pole. This star is called the

North Star, the Pole Star, or Polaris.

Of course, with the invention of the

compass, mariners found less need for

the star that enabled them to tell which

direction was north. Modern radio-

direction-finding has almost eliminated

the need for the North Star. But, since

this star played so important a part in

navigation for so many hundreds of

years, let us see whetherwe can locate it.

On a clear, cloudless night, when the

moon is not up, go outdoors and wait a

few minutes for your eyes to become
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The Egyptian pyramid*, monu-
mental burial tombs of an deni

rulers, were also y*ed as poinls

by which sfars could be sighted.

0 ub he and Merokj two stars Sn

the Big Dipper, ore used to Jo-

es te the North Star. Regardless

of the season of the yeai% or ihe

loeohon of other stars 'm the Big

Dipper,, the Painter stars always

point lo the Norlh Star, (See the

illustration belowA

- august i

adjusted to the darkness. You must find

a location where lighted advertising

signs and street lights will not interfere

with your viewing,

Look toward the north until you see

a group of seven stars that look like

points along a dipper with a curved

handle. When you have found such a

group, or constellation, look around in

the same direction for another constella-

tion. It is also in the shape of a dipper,

but with the handle curving in the op-

posite manner from that of the first

dipper. The larger of these two is the

Big Dipper, and the other is the Little

Dipper. They are sometimes called Ursa
Major (Big Bear) and Ursa Minor
(Little Bear). However, some astrono-

mers consider the Dippers as only parts

of Ursa Major and Minor.

NORTH STAR

HHE

1

Note that the fore part of the bowl of

the Big Dipper is made up of two stars.

The one at the top of the bowl is called

Dubhe, the bottom one, Merak. These

two stars are known as the Pointers,

because if you draw a line from Merak
to Dubhe, and continue the line for a

distance equal to about four times the

distance between the Pointers, you will

arrive at a bright star that is the one we
are seeking— the North Star. When
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you do this, you will probably notice

that the North Star is the first star in

the handle of the Little Dipper.

No matter what the season of the

year, the Pointers always point to

the North Star, although, because of the

earth’s revolution around the sun, the

other stars in the Big Dipper seem to

shift their positions.

How can you use

the stars to prove

that the earth

turns on its axis?

The vast number of stars you see in the

sky are all in mo-

tion. Some stars

are moving thou-

sands of miles per

second, but all

stars are so far from the earth that they

seem to stand still. You can understand

this if you think about the fact that a car

moving fifty miles per hour seems to

whisk rapidly past you, when you are

standing by the side of the road; but if

you are looking down from a mountain

top at a car several miles away and also

moving fifty miles per hour, the car now
seems to be crawling very slowly. With

these facts in mind let us perform our

experiment.

You will need a camera. Any kind

The form of Hie star trails on the photograph

prove* the movement of the earth r

of camera will do that has a shutter that

can be made to remain open for a time

exposure. Load the camera with the

most sensitive panchromatic film you

can obtain. Your photographic dealer

will tell you what kind of film to use.

ft is very important now to find a

location where there are no interfering

lights. A moonless winter night, when

the stars are brightest, is best.

Mount your camera on a tripod or

some other firm support. Point the

camera at the North Star. Try hard to

locate the North Star exactly in the cen-

tre of the camera’s finder. Clamp the

camera firmly in this position. Set the

shutter for a time exposure and click

the shutter release. Leave the shutter

open for an hour. At the end of this

time, be sure to dick the shutter release

again, to close the shutter,

When the film is developed and a pic-

ture is printed from it, you will see many

curved white lines against a dark back-

ground. and in the centre a white spot.

If you have successfully centred the

North Star, it will be the white spot. The

curved lines are the paths of stars, How-
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ever, we have learned that the stars may
be considered as standing still. There-

fore, it must have been the camera that

turned. But the camera was clamped in

one position so that it could not turn.

So we are finally led to explain the ap-

parent motion of the stars by saying that

it was the earth, upon which the camera

was standing, that turned.

Since the camera’s shutter was open

for one hour, and since we know’ that

the earth makes one complete rotation

on its axis in one day - that is, twenty-

four hours— we realize that each star

path in our picture represents one

twenty-fourth of a complete circle.

On a large sheet of paper, draw a circle

at least eight inches in

diameter. Divide the

circle into twelve

equal parts, just as a

clock face is divided. Alongside each

division of the circle, write the name of

one of the months where an hour nuro-

How con you

tell the dote

by the stars?

ber would be on a clock. Start with

March in the 12 position; that is, at

the top. Keep the months in their usual

order, but write them counterclockwise.

Mark the centre of the circle “North

Star." Imagine that the distance on the

circle between each month is divided

into thirty smaller divisions.

If you are allowed to stay up until

midnight on some clear night, take your

diagram outdoors. Hold it so that March
is at the top* Imagine the diagram In

the sky, with the North Star as the

centre. Note the location of the Big

Dipper. Now draw the Big Dipper on

your diagram in the same location as

you find it in the sky. When you have

done this, draw a straight line from the

Pointers to the North Star. This line will

pass through the circle at a point that

will indicate the date on which you are

making your observation. Suppose the

line passes halfway between the June

and July positions on the circle; then it

is June 15. Of course, unless you have

MARCH

APRIL FEBRUARY

f mav JANUARY 1

JUNE

LITTLE 03 PEERa
DECEMBER

NORTH STAR

IULY NOVEMBER ,

BIG DIPPER

star calendar
AUGUST OCTOBER.

SEPTEMBER
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Sundials oi pH sizes and construdions were used by

Ofrctan! people to tzi\ Hie Hme, Jhh is Jaipur, Indio.

drawn a very large circle, it will be

difficult to estimate thirty divisions be-

tween months on the circle. However,

you can come within a few days of the

exact date. The important thing is to

note that on the diagram you have

made, on any particular date at mid-

night, the Pointers are in line with that

date on the star calendar.

More than 3,500 years ago, people

realized that the sun
How ran you

couid be used to tell

by thHun? the time °f As
a result, they learned

how to construct instruments called

sundials. A shadow cast by the sun

pointed to the time of day on a dial that

was part of a sundial. The Egyptians

made great sundials w'hose pointers

were pyramids and obelisks. Perhaps

the largest sundial ever built was con-

structed at Jaipur, India, in 1724. The

pointer of this huge sundial is one-

hundred feet high, and the whole instru-

ment covers an acre of ground. Some

sundials were small enough to be

carried about by their owners. For

more than a century after watches and clocks were in use, their accuracy was

checked by sundials.

Draw a straight line through the

middle of a board and parallel to one

side. In the middle of this line, place

a lump ofmodelling day. Push the blunt

end of a pencil down into the clay, so

that the pencil stands upright. Be sure

that the pencil is perpendicular to the

board; to do this, use a carpenter’s

square or some other square edge. You
have made a sundial.

On a sunny morning, set the sundial
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in direct sunlight, with the line on the

board running from north to south. You

will probably need a magnetic compass

to accomplish this positioning. Exactly

on each hour, as timed by a watch or

clock, make a mark on the board at the

exact location of the shadow of the

pencil point. Write the hour above the

'

mark. Do not move the board at all.

Leave the board in position. On the

next sunny day, you will find that the

shadow of the pencil will point to the

correct time of day. Leave the board in

position for a month or two. Or else,

make marks on whatever the board was

standing, exactly at the ends of the

north-south line on the board. Then, at

the end of a month or two, you will be

able to replace the board in the exact

position in which it was originally.

Having come back to your sundial

after a month or two, you will see that

it no longer is accurate. Why? As the

earth circles around the sun, the sun

seems to change the path it makes across

the sky. ( Of course, the sun is not really
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moving; the earth’s motion makes the

sun seem to move.) As the path of the

sun changes, so does the accuracy of

your sundial, because you made the sun-

dial by means of the sun’s path on a

particular date. The sundial seemed to

be accurate for a few days because the

sun changes its path slowly, and you

could not immediately note the change.

Obtain a board eight inches square; that

is, the board must
How con you ^^^ ex-
make a more t . . p #

accurate sundial? *<=“* e,*ht inches

long. Draw two
diagonals on the board. Where the lines

cross is the centre of the board. Using a

drawing compass, draw a seven-inch

circle whose centre is the centre of the

board. Divide half the circle into twelve

equal divisions, and, proceeding clock-

wise, mark them: 6, 7, 8, 9, 10, 11, 12t

1, 2, 3, 4, 5. You have made the dial.

You now have to make the part of the

sundial that casts the shadow. This is

called the gnomon (NO-mon), which is

Greek for “the one that knows.” On a

piece of wood half an inch thick, draw
a triangle that has a base three inches

tong: thus place a protractor at one

end of the base, and mark off an angle

equal to your latitude. You can find the

latitude of the place in which you live

by referring to an atlas. Suppose you
live in Newcastle, which is at a latitude

of 55°; then you mark off an angle of
55°. From the end of the base and

through the 55 ' mark, draw a line eight

inches long. From the upper end of this

line, draw a straight line to the base to

complete the triangle. Now, saw this

triangle out of the piece of wood.

Draw a line from the centre of the

dial to the number 12. Make a mark
on this Hue, halfan inch from the centre.

Place the slanted end of the gnomon
on this mark, and the rest of the gno-

mon’s base along the line. Using thin

nails, so as not to split the wood, nail the

gnomon in place. If you wish, you can

glue it in place, but if you are going to

use the sundial in a location where it

How you con moke a shadow clock.
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will be rained upon, it is better to nail

down the gnomon. Your sundial is now
completed.

Oddly, the best time to set up your

sundial is at night. The gnomon must

point north. Put the sundial where you

want it to remain. Sight along the slant

of the gnomon in order to line it up with

the North Star. When you have done

this, fix the sundial in place, so that it

will not easily be moved.

When the sun is shining, you will be

able to read the time by noting the num-

ber to which the shadow of the gnomon
points. But, after all your work, you

will be disappointed to find that your

sundial is not a very good time-teller.

To make your sundial more accurate,

you must make an adjustment. On this

page is a diagram showing the months

and two sets of numbers from 0 to 15.

The numbers represent minutes. In the

diagram is a curve that is a graph of the

equation of time. You use the diagram

in this manner: Suppose it is February

15. Place a ruler vertically on the dia-

gram where you estimate the middle of

February to be. Mark the point at which

the edge of the ruler crosses the curved

line, Now, turn the ruler horizontally, so

that its edge touches the point you have

just marked on the curved line. Look-

ing to the left you will see that the ruler

cuts the left-hand line at a point about

fourteen minutes above the middle hori-

zontal line. Now, read the time on your

sundial, and add fourteen minutes to

your reading. This is the correct time.

The rule for the use of the diagram

representing the equation of time is

this: For readings above the middle

horizontal line, add minutes to the sun-

dial reading; for readings below the

middle line, subtract minutes from the

sundial reading.

Your sundial does not yet agree with

your watch. Don’t be disappointed; your

sundial is correct, and your watch is

wrong. Here is why; as the earth turns,

each meridian {a line running from

the North to the South Pole) is at a

different time. For this reason, prior to

THE EQUATION OF TIME
For readings above center lrne

r
add minutes to sundial time; for

readings below center fme
r
subtract minutes from sundial time.
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about one hundred years ago, each town

had time different from that of nearby

towns to the east and west. The con-

fusion caused by this situation was

ended by deciding on standard time

zones. All the places within a standard

time zone use the same time; that is, all

watches and clocks are set to the same

time. In the continental United States,

there are Eastern, Central, Mountain,

and Pacific standard time zones. The

time is an hour earlier in each succeed-

ing zone, going from east to west. In the

British Isles, Greenwich Mean Time is

used as the standard time and this is

constant everywhere. This means, for

instance, that the time is always the same

in London as in Edinburgh. The time

shown by your sundial is sun time, or

solar time, and (adjusted by the equation

of time) is the correct time for the place

where your sundial is located. If you

live where solar time and standard time

coincide, your sundial and your watch

will both be right.

Our sun is a star, a medium-sized star,

and like the billions
How con you

S(ars jn the
see sunspots?

universe, the sun is a

great globe of hot, glowing gas. The

PALQMA* OBSEfiYATGSff- CALIFORNIA
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sun is 865,380 miles in diameter, a

distance equal to 109 earths in a row.

More than 1,000,000 earths would fit

into the sun. The temperature at the sur-

face of the sun is 1 1
,000° Fahrenheit,

and at the sun’s centre, the temperature

is about 40,000,000° F. The sun is

93,000,000 miles from the earth and the

nearly-empty space between has a tem-

perature of 459’ F. below zero.

When looking at the sun, we see only

its outer surface. This surface is made

up of four layers of gas, but we are

interested only jn the innermost of these

layers, the photosphere. It is in this

layer that sunspots appear. When seen

through a large telescope, sunspots look

like large, ragged, black holes with a

bright border. Astronomers are not at

all clear about what causes sunspots or

just what they are. Small sunspots are

a few thousand miles in diameter, while

large ones may be from 50,000 to 1 50,-

000 miles across. Several dozen earths

could be tossed into the larger sunspots.

Sunspots usually appear in pairs or

clusters. They last for a few days, and

then disappear. Some spots may last

for more than twenty-five days. Most
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spots are in the middle regions of both

the Northern and Southern hemispheres

of the sun.

Of course, the best way to see sun-

spots is by means of a telescope with the

proper ray filters that cut out most of the

sun's light. (Do not, however, look at

the sun through sunglasses; ordinary

sunglasses do not cut out enou^i light.

A pair of field glasses without a dark-

ened sun filter should not be used either.

Looking directly at the sun without

proper protection may cause injury to

the eyes.) Lacking the needed ray filter,

we can turn to nature to provide one for

us. All we have to do i? to make our

observations at sunrise or sunset on a

clear day, when the sun rises or sets

red. A red sun tells us that there is a

considerable amount of haze in the

earth's atmosphere at that particular

time, and the haze cuts out enough sun-

light so that we can look directly at the

sun without hurting our eyes.

Large sunspots can be seen w ith the

naked eye, and medium-sized ones can

be seen with a pair of field glasses. By

looking through one or two sheets of

red cellophane, or by placing the cello-
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Yau can prov« rotation of lh* sun by following the

location of the rome sunspot on successive days.

LMTM

SUNSPOT

Some $umpoti are many times the $ize of the earth,

phane over the lenses of field glasses, we

can lighten the colour of the sun and

thereby increase the visibility of the

dark spots on its surface. If you are

watching a rising sun, end your observa-

tions when the sun’s colour becomes

orange— as seen by your naked eye,

not through the red cellophane. Do not

begin to observe the setting sun until it

has actually turned red.

There is a way to observe sunspots

at any time of day. Stand a pair of

binoculars (field glasses) on their front
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lens casings upon a stout piece of card-

board that is ten inches square. Place

the binoculars in the middle of the card-

board, about two inches from the bot-

tom. Run a pencil point around the lens

casings, and cut out the two circles you

have drawn. Fit the binoculars into the

holes you have cut. On a table near a

window, place the binoculars and card-

board, so that the binoculars directly

face the sun. You may have to use a

few books to prop the binoculars in the

right position.

Paste a sheet of white paper to a piece

of cardboard, in order to stiffen the

paper. Focus the binoculars at infinity,

or whatever is the focus for seeing farth-

est. Hold the white paper behind the

binoculars, so that the sun’s image falls

on this white screen. You will probably

have to move the screen back and forth

— away and toward the binoculars—
in order to put the sun in clear focus.

When the sun is in focus, you will see

sunspots as black dots on the white

screen. Don't be discouraged if you do

not see any sunspots the first time you

Observe sunspols without looking Into Ihe sun.

try. Sometimes the sun’s surface is free

of all but spots that are too small to be

seen with binoculars. Continue your

observations for several days, and your

perseverance will be rewarded.

Keep a daily record of your observa-

tions by drawing diagrams of the sun

and its spots. Since the sun revolves on

its axis, you will see long-lasting sun-

spots move daily along the sun’s sur-

face, and perhaps even disappear

around the edge of the sun,

When you have a good sunspot in focus

on the white screen
How con you

behjnd your bin0CB.

measure the -

size of a
ars

*
mea5ure care-

sunspot?
fuNy the diameter of

the image of the sun

and of the sunspot. Suppose your image

of the sun is two inches in diameter, and

the spot is one-sixteenth of an inch.

Then, the spot will have a diameter

equal to one-thirty second that of the

sun. The diameter of the sun is 865,380

miles, and the diameter of the sunspot

is one-thirty second of this distance, or

27,043 miles — a fair-sized spot. Some-

times your observations may not give

results so easy to calculate as in the

foregoing example. Another way to cal-

culate the sunspot’s diameter is this:

Multiply the sunspot’s image by the

diameter of the sun (865,380), and di-

vide your result by the diameter of the

sun’s image on your screen. The result

will be the sunspot’s diameter.

Perhaps on a clear night you have seen

a point of light
How can you become , ,

'
. * streak across

a meteor watcher?
the sky. You

may know that what you saw was a
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Neor Winslow, Arizona

there is a crater nearly

mile wide. It was

made by a meteor lhaf

must hove exploded
into thousand* of

pieces.

“shooting star,” whose scientific name
is meteor. The space through w'hicb

the earth is travelling contains a great

amount of small objects— pieces of

iron and stone. Most of these range in

size from that of a grain of dust to that

of a grain of rice. A few are much larger.

These objects in space are called me-

teoroids, a word that means "resembling

meteors.” Most meteoroids travel at

high speeds; the average speed is tw enty-

six miles per. second. The earth moves

around the sun at a speed of eighteen-

and-one-half miles per second. When a

meteoroid and the earth meet head on

.

their combined speeds are forty-four-

and-one-half miles per second; when a

meteoroid catches up to the earth, its

speed of collision is twenty-six minus

eighteen-and-one-half, or seven-and-

one-half miles per second.

When a meteoroid enters the earth’s

atmosphere, it becomes a meteor. All

except the smallest begin to glow

brightly at heights of fifty to seventy-

five miles, due to the friction caused by

their high speed and the resistance of

the atmosphere. By the time meteors

have plunged to within forty miles of

the earth’s surface, most of them have

burned up, leaving only a momentarily

glowing streak of dust behind, Some of

the meteors strike the earth’s surface,

and by doing so become meteorites.

These vary in size from small grains to

those as big as an automobile and

weighing many tons. In the Hayden

Planetarium in New' York City, there is

a meteorite, which was found in Green-

land, that w eighs thirty-six tons. About

100,000,000 meteors bombard the earth

every day. They add about 4,000 tons

to the weight of the earth per day,

On a dear moonless night, in a loca-

tion where you have an unobstructed

view of the sky and no interfering man-

made lights, settle yourself in a com-

fortable rest, such as a deck chair.

Within five to ten minutes, your eyes

will become adapted to the dark. To ob-

serve meteors properly, you must know
directions in the sky. Face the North

Star—then behind you is south, to your

left is wrest, and to your right is east.

Even better, learn the names of some of

the constellations, so that you can locate

meteors even more closely than by sim-

ply using compass directions. Have with

you a pad of paper and pencil, a flash-

light covered with red cellophane, and

a watch and a ruler.

When you see a meteor, record the

hour and minute, and, if possible, the

exact second of its appearance. Hold
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the ruler at arm’s length, so that its edge

is along the meteor’s path. Now, record

where the meteor appeared and where

it disappeared. Also, record its bright*

ness (very bright, medium, or dim),

speed (fast, medium, or slow), bow
many seconds you think it lasted, and

any other comments you wish to make
on the meteor’s appearance.

On an average night, you may see five

to ten meteors an hour. On other nights,

when you are experienced enough to

spot the faint meteors, you may see

forty or fifty. Perhaps you will he as

lucky as the observers on the night of

November 12, 1833, when 35,000 me-

teors were observed per hour! Some
were as large as the full moon and left

trails that lasted fifteen to twenty

minutes,

Whether you have performed the ex-

periments in this book or have simply

read them, you probably have learned

many things about the world around

you. And this is always a pleasant

experience.
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